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(57) Catalysts for reforming typically contain plati- 
num supported on a high surface area alumina. During 
reforming reactions, specifically dehydrocyclization, 
such catalysts produce undesirable light gases. Appli- 
cants have found a new catalyst that suppresses unde- 
sirable hydrogenolysis reactions thereby decreasing the 
yields of undesirable light gas make during hydrocycli- 
zation of C e + hydrocarbons, especially n-heptane. The 
catalyst comprises a halogen, and catalytically active 
amounts of non-alloyed noble metal and zinc on an alu- 
mina support wherein said noble metal is selected from ' 
the group consisting essentially of Pt, Pd, Ir, Os, Ru, Rh, 
Re, and mixtures thereof and in the absence of cobalt 
and nickel. As used herein, non-alloyed means that the 
metallic phase consists of a single metallic element. In 
the present invention, noble metal. The invention is fur- 
ther directed to the preparation and use of the catalyst 
in a reforming reaction. 
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Description 

FIELD OF THE INVENTION 

5 This invention is directed to a reforming catalyst and its use in a reforming process, especially a dehydrocyclization 

process. 

SUMMARY OF THE INVENTION 

10 Catalysts for reforming typically contain platinum supported on a high surface area alumina. During reforming reac- 
tions, specifically dehydrocyclization, such catalysts produce undesirable light gases. Applicants have found a new cat- 
alyst that suppresses undesirable hydrogenolysis reactions thereby decreasing the yields of undesirable light gas made 
during dehydrocyclization of C 6 * hydrocarbons, especially n-heptane. The catalyst comprises a halogen and catalytically 
active amounts of nonalloyed noble metal and zinc on an alumina support wherein said noble metal is selected from the 

is group consisting essentially of Pt, Pd, Ir, Os, Ru, Rh, Re, and mixtures thereof and in the absence of cobalt and nickel. 
As used herein, nonalloyed means that the metallic phase consists substantially (more than 90%, preferably more than 
99%) of a single metallic element. In the present invention, noble metal. 

The invention is further directed to the preparation and use of the catalyst in a reforming reaction. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A shows the toluene yield vs. time on-oil in hours during n-heptane reforming for a present invention catalyst 
(0.3% Pt/0.3% Zn-alumina) and a typical platinum on alumina catalyst (0.3% Pt/alumina). represented by lines A and B 
respectively. The toluene yield for the present invention catalyst reached a steady state after 48 hours on oil and then 
25 remained practically constant while the platinum on alumina catalyst steadily decreased during the time on oil. The y- 
axis is mol % of toluene yield and the x-axis time on-oil in hours. 

Figure 1B shows the methane yield comparison for the same catalysts as Figure 1A as a function of time on-oil. 
The y-axis is mol % of methane and the x-axis time on-oil in hours. 

Figure 1C is a comparison of the fraction of hydrogen introduced as n-heptane that is released as H 2 as a function 
30 of time on-oil. The y-axis is mol % and the x-axis time on-oil in hours. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention disclosed herein may suitably comprise, consist, or consist essentially of the elements thereof dis- 
ss closed herein. 

The present invention adds an amount of zinc prior to or during the incorporation of a noble metal onto a Group VIII 
noble metal alumina reforming catalyst to increase dispersion of the noble metal and decrease the yield of undesirable 
light gases produced during dehydrocyclization of C 6 * hydrocarbons, especially n-heptane. Use of the present invention 
catalyst in a reforming process affords increased C 5 + selectivity of at least about 3%, reduced methane make of at least 

40 about 40%, and increased H 2 yields of at least about 43% when compared to a commercial Pf/AI^ catalyst. 

The support utilized for the present catalyst is an alumina support. The alumina support may be prepared by any 
of a number of conventional methods known to those skilled in the art. Alternatively, the alumina support may be pur- 
chased from commercial sources. Preferably the alumina will be gamma or eta alumina. The aluminas of the present 
invention have surface areas of at least about 100m2/g. 

45 Prior to addition of either noble metal or zinc, the alumina support may be calcined in air at a temperature ranging 
from about 200°C to about 600°C. Such preliminary calcination is preferred. The support is then impregnated with a 
solution containing noble metal and zinc salts. Preferably, the impregnation will be carried out sequentially with zinc 
impregnation preceding noble metal impregnation. It is important that the noble metal not be incorporated first, since 
undesirable alloying will occur between the zinc and noble metal in such a case. 

so The amount of zinc impregnated onto the catalyst support ranges from about 0.01 wt% to about 1 wt%. Preferably 
0.3 wt% zinc will be incorporated onto the alumina support The zinc of the instant catalyst is present in the divalent (+2) 
state. It is important that the zinc not be reduced to the metal or zero valence state in practicing this invention. 

The amount of noble metal impregnated onto the catalyst support ranges from 0.1 wt% to about 1 wt%. Preferably 
0.3 wt% noble metal will be incorporated onto the alumina support. Preferably platinum will be the noble metal utilized. 

55 Other suitable noble metals include palladium, iridium, rhodium, osmium, rhenium, ruthenium, and mixtures thereof. 

Typically, the noble metal and zinc are added to the alumina support in the form of a salt e.g. ZnCI 2 and H 2 Pta 6 . 
The noble metal and zinc may be coimpregnated or sequentially impregnated, with sequential impregnation of zinc first 
being preferred. The impregnation may be accomplished via the incipient wetness technique or other techniques known 
to those skilled in the art. An adsorption technique from a dilute or concentrated solution, or evaporation, may also be 
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used. For example, the alumina support can be stirred at room temperature in the solution containing zinc or both zinc 
and noble metal and then allowed to stand overnight, before decanting and washing the alumina. The solution used in 
impregnating the support e.g. can be a neutral salt or acid solution having the respective component or components 
dissolved therein. If, e.g. ZnCI 2 is used, the solution should be acidic to facilitate dissolution of the salt. This would be 

5 readily determinable by one skilled in the art. Suitable zinc and noble metal salts are e.g. all soluble zinc salts such as 
zinc acetate, zinc chloride, zinc bromide, zinc fluoride, zinc carbonate, zinc nitrate or any other soluble zincate salt known 
to those skilled in the art, and any of the soluble noble metal salts or complexes such as ammonium chloroplatinate, 
dinitrodiamino platinum, chloroplatinic acid, bromoplatinic acid or any of the other soluble noble metal salts or complexes 
known to those skilled in the art. It is preferred to use the halide salts of zinc and noble metal to incorporate the necessary 

w halide of the composition in a single step. Preferably the chloride salts will be used. 

The catalyst of the present invention will also contain an amount of halogen. Preferably the catalyst will contain 
about 0.5 to about 1 .2 Wt% chlorine, preferably about 0.7 Wt% chlorine, or equivalent amounts of fluorine and bromine 
calculated on an atomic basis. The halogen may be incorporated onto the catalyst at any suitable stage of catalyst 
manufacture, e.g. prior to. during or following the incorporation of Group VIII noble metal and zinc. The halogen may 

15 likewise be incorporated during the reforming process along with the feed by adding volatile, usually organic halogens 
during the process. Generally, the halogens can be combined with the catalyst by contact with a suitable compound 
such as hydrogen chloride or fluoride or ammonium chloride or fluoride either in gaseous form or in water soluble form. 
Preferably the halogen is incorporated onto the catalyst by impregnating with a solution of a halogen compound with 
noble metal, or a halogen compound with zinc. Thus, for example, impregnation with zinc chloride or chloroplatinic acid 

20 will result in chlorine addition to the catalyst. 

The impregnation can be carried out under a variety of conditions known to those skilled in the art including ambient 
and elevated temperatures, and atmospheric and superatmospheric conditions. The impregnated support is then dried 
at about 1 00°C to about 1 50°C preferably 1 1 0°C for about one to about 3 hours. The dried impregnated support is then 
calcined at a temperature of about 300°C to about 650°C, preferably 600°C for about 1 to about 6 hours, preferably 

25 about three hours. The drying may be conducted in the presence of oxygen, nitrogen or both, in an air stream, or under 
vacuum. Calcination can be conducted in the presence of nitrogen or oxygen, in an air stream, or in the presence of an 
inert gas or a mixture of oxygen and an inert gas. 

When the zinc and noble metal of the present catalyst are added to the alumina support sequentially, the alumina 
support is impregnated with zinc followed by drying and calcination. The zinc containing alumina support is then impreg- 

30 nated with noble metal dried and calcined. Both drying and calcination steps are conducted under the same conditions 
as described for coimpregnation of the alumina. As used herein, drying followed by calcination is referred to as activating. 

Applicants believe that coimpregnation or sequential impregnation of the zinc component of the catalyst causes the 
formation of ZnAI^ surface-like spinels, preventing reduction of the zinc to zinc metal, thereby preventing the formation 
of undesirable noble metal-zinc alloy. (See e.g., "Surface Spectroscopic Characterization of the Interaction Between 

35 Zinc Ions and y-Alumina, " Strohmeier and Hercules. Journal of Catalysis 86. 266-279 (1 984).) The noble metal attaches 
to the Zn* 2 of the spinel aiding in dispersion of the noble metal. A small amount of zinc not forming surface like spinels 
will remain as ZnO and can form a small amount of alloy with the noble metal. 

Zinc which fails to enter the ZnAl20 4 surface-like spinel phase during calcination, but remains as ZnO. is reducible 
and can migrate onto Pt clusters or form PtZn alloys. These are detrimental to the catalysts performance. ZnO is selec- 

40 tively removed from an intimate mixture of ZnO and ZnAI^, such as is formed by incomplete reaction of ZnO with 
AI2O3, by washing with aqueous ammonia solutions, e.g. (NH4) 2 C0 3 (See Strohmeier & Hercules). 

Washing the zinc-impregnated and calcined AI2Q3 with aqueous ammonium carbonate selectively removes residual 
ZnO, resulting in a catalyst that is stabilized with respect to migration or reduction of zinc, and consequent loss of activity. 
Whether sequential or coimpregnation of zinc is employed, the washing step must follow calcination. For a coimpregnated 

45 catalyst the catalyst must be rehalogenated by any method known to those skilled in the art For a sequentially impreg- 
nated catalyst, the catalyst must also be rehalogenated but such rehalogenation can be achieved during platinum impreg- 
nation via e.g. chloroplatinic acid or by any other technique known to those skilled in the art. 

The concentration of ammonium solutions and washing temperatures are readily determinable by those skilled in 
the art. For example, .1 to 1 M (NH 4 ) 2 C03 at ambient temperature can be used. 

50 The amount of ZnO present on the catalyst prior to washing is an insignificant amount which will not significantly 
hinder the activity of the present invention catalyst rf the washing step is not performed during preparation. However, 
the washing step is preferred to prevent any possible alloy formation between platinum and zinc and to enhance further 
the platinum dispersion. ZnO will be present in amounts representing less than 1 0%. preferably less than 1% of the Zn 
in the catalyst prior to washing. 

55 The catalysts of the present invention can be contacted with a feedstream comprising Ce+. When utilized in the 
reforming process, the feedstream will preferably be C Q to C 232°C hydrocarbons. 

In a catalytic reforming process, a hydrotreated naphtha stream comprising C 6 +, preferably Ce to 232°C hydrocar- 
bons, that typically contain about 20 to 80 volume % paraffins, 20-80 volume % naphthenes. and about 5-20 volume % 
aromatics, and boiling at atmospheric pressure between 27°C and 232°C. preferably between about 66°C and 191°C, 
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is brought into contact with the catalyst composition of the present invention in the presence of hydrogen. The reaction 
typically takes place in the vapor phase at a temperature ranging from about 350 to 550°C preferably about 400° to 
530°C. Reaction zone pressures may range from about 1 to 50 atmospheres, preferably from 3 to 25 atmospheres. 
The naphtha feedstream is generally passed over the catalyst at space velocities ranging from about 0.5 to 20 parts 

5 by weight of naphtha per hour per part by weight of catalyst (w/w/hr), preferably from about 1 to about 10 w/w/hr. The 
hydrogen to hydrocarbon mole ratio within the reaction zone is maintained between about 0.5 and 20, preferably between 
about 1 and 1 0. During the reforming process, the hydrocarbon employed can be in a mixture with light paraff inic gaseous 
hydrocarbons. Since the reforming process produces large quantities of hydrogen, a recycle stream is employed for 
admission of hydrogen with the feed. 

w The following examples are illustrative of the invention though not limiting. 

EXAMPLE 1: 

PREPARATION OF PLATINUM-ZINC-ALUMINA CATALYST BY COIMPREGNATION 

15 

A solution containing 0.0133 g Zn/g sol. was prepared by dissolving 0.68 g of ZnCI 2 in 23.3 mL of aqueous 
HCI(0.062M). 4.584 g of this zinc solution was added to 0.0620 g of a water solution of H 2 PtCI 6 (0.98 g Pt/g sol.) and 
diluted to 28 mL. A clear yellow solution was obtained. 20.18 g of pre-calcined gamma-alumina extrudate pellets was 
added. The mixture was stirred for fifteen minutes and then allowed to stand overnight at room temperature. 
20 The resulting mix was a clear colorless overstanding liquid with yellow extrudates and fine powder sediment. The 
extrudate and sediment was collected by filtration and washed several times with distilled water. The yellow extrudate 
(19.46 g) was dried for three hours at 1 10°C, and then calcined for 3 hours at 500°C or 600°C as indicated in the tables. 
The yellow calcined extrudate was stored for future use. 

25 EXAMPLE 2: 

PREPARATION OF PLATINUM-ZINC- ALUMINA CATALYST BY SEQUENTIAL IMPREGNATION 

A solution containing 0.0133 g Zn/g sol. was prepared by dissolving 0.68 g ZnCI 2 in 23.3 mL aqueous HCL (0.062 
30 M). 4.584 g of this zinc chloride solution was diluted to 28 mL. 20. 1 8 g of pre-calcined gamma-alumina extrudate pellets 
was added to th e the zinc chloride solution. The mixture was stirred for fifteen minutes and then allowed to stand overnight 
at room temperature. 

The solution was decanted, and the white extrudates were washed with 20 mL of distilled water, decanted again, 
and dried in air for 3 hours at 1 10°C. Afterwards, the sample was calcined in flowing air at 500°C for 3 hours. 
35 The white extrudates (20 g) were added to a solution of H 2 PtCI 6 (0.98 g Pt/g sol.) diluted to 28 mL. The mixture was 
stirred for 15 minutes and then allowed to stand overnight at room temperature. The solution was decanted, and the 
yellow extrudates were washed several times with distilled water, decanted and dried for 3 hours at 11 0°C. The sample 
was then calcined in flowing air at 500°C for 3 hours. 

40 EXAMPLE 3: 

MEASUREMENT OF PLATINUM DISPERSION 

Hydrogen and oxygen chemisorptions were used to determine the fraction of surface platinum (dispersion) which 
45 should be maximized and maintained for efficient use of the metal and for best catalyst performance. 

The chemisorption measurements were performed by the static volumetric method as follows. The sample was 
evacuated at room temperature, then heated in flowing hydrogen at 10°C min" 1 from room temperature to 475°C. After 
2 hours at 475°C. the temperature was lowered to 450°C in hydrogen, and the sample was evacuated 60 min to below 
10~3 Torr. Finally the sample was cooled to 35°C and evacuated for another 30 min to below 10~ 5 Ton*. The isotherms 
so comprised five points evenly spaced to about 250 Torr. After one isotherm, which measured total uptake, the sample 
was evacuated 15 minutes. A second isotherm, also at 35°C, measured the weakly held fraction of adsorbate. The 
strongly adsorbed hydrogen or oxygen was the difference between the zero intercepts, extrapolated from the linear 
regions of the two isotherms. 

55 
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H^0 2 CHEMISORPTION FOR 0.3 WT% Pt ON ALUMINA WITH DIFFERENT ZINC LOADINGS 



TABLE I 



ZINC LOADING WT% 


T C =500°C 


T C =600°C 




H/M 


O/M 


H/M 


O/M 


0 


0.58 


0.60 


0.70 


0.65 


0.08 


0.77 


0.72 


0.81 


1.02 


0.17 


0.88 


0.77 


0.88 


1.06 


( 0.30 


0.88 


0.86 


0.80 


0.75 


0.30* 


0.78 


0.73 


0.86 


0.83 


0.30" 


0.00 


0.00 


0.00 


0.00 


T c = temperature of calcination 



* prepared by sequential impregnation 
•* The sample does not contain platinum 



The results indicate that all of the Pi/Zn-M£>3 samples had adsorption capacities higher than a standard 0.3 wt % 
Pt/Al 2 0 3 sample. Also, catalysts calcined at 600°C and 500°C had similar adsorption capacities. The catalysts were 
prepared in accordance with the methods of examples 1 and 2 by adjusting the amount of zinc contained in the impreg- 
nating solution. t 

EXAMPLE 4: 

The catalyst was tested in an ethane hydrogenolysis reaction. The data were obtained in a flow reactor system at 
atmospheric pressure using a vertically mounted stainless steel reactor tube. 0.8 cm internal diameter and ao cm in 
length. Before any reaction rate measurement the catalyst was reduced under f towing hydrogen for 2 hrs at 475°C. The 
ethane. 30 mL/min, hydrogen. 200 mL/min. and helium, 700 mlVmin, were passed downflow through a bed containing 
200 mg of catalyst, 40-60 mesh, diluted with 500 mg Vycor glass, 40-60 mesh. The total gas flow was maintained at 1 
L min"i throughout the run. In a run the reactant gases were passed for a period of five minutes prior to sampling the 
reaction products for GC analysis. Ethane was then discontinued and the hydrogen flow continued for fifteen minutes 
prior to another reaction period at a temperature of 7-1 0°C higher. Rates were measured as the reaction temperature 
was increased, and again as it was decreased to check reproducibility of results and to detect any deactivation. The 
results are presented in Table II. The temperature necessary to obtain 1 % ethane conversion was chosen for comparison 
of catalytic activities. The catalysts were prepared as in example 1 by adjusting the amount of zinc contained in the 
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impregnating solution. 

TABLE II 

EFFECT OF ZINC LOADING ON ETHANE CONVERSION TO METHANE BY 
HYDROGENOLYSIS (*) 

All of the catalysts were prepared by coimpregnation. 



ZINC LOADING TEMPERATURE FOR TEMPERATURE 

WT% 1% ETHANE CALCINATION 
CONVERSION *c 

20 0 376 500 

0.08 403 500 

0.17 421 500 

25 0.30 455** 500 

0 385 600 

30 0.08 401 600 

0.17 418 600 

0.30 436 600 



(*) H 2 /C2H 6 /He=200/30/70, 1 atm. , pre-reduced at 475°C, All catalysts 

contain 0.3 wt% Pt with no presulf idation. 
(**) Unstable; temperature obtained by extrapolation. 

40 

The results show that the suppression of hydrogenolysis activity correlated with zinc loading. Catalysts calcined at 
500°C and 600°C showed the same trend and similar activities, although the .3 Pt/0.3Zn-Al2O 3 catalyst was more stable 
45 when calcined at 600°C. 

EXAMPLE 5: 

The catalyst of Table II were also tested for n-heptane dehydrocyclization activity and compared against a standard 
so 0.3 wt% PVAl20 3 commercial catalyst (See Table III and Fig 1). 

Six grams of catalyst extrudates were placed halfway through the reaction vessel, a 56 cm long by 1.0 cm internal 
diameter stainless steel tube. Quartz beds were placed before and after the catalyst bed to homogenize the reactant 
mixture and temperature. Pure n-heptane, 17.9 g h~i, and the hydrogen necessary to obtain a ratio of hydrogen roil of 
3 were fed downflow. The pressure was kept at 75psi throughout Prior to any reaction measurement the catalyst was 
55 reduced under flowing hydrogen by heating from room temperature to 310°C in 3 hrs t soaking at this temperature for 
30 minutes, ramping to 510°C in 2 hours, held at 510°C for 5 hours, then lowered to 370°C. At this point the hydrogen 
and n-heptane flows were set. The reaction temperature. 500°C was reached in 3 hours. Each run lasted about 180 
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hours. The results are tabulated in Table III and graphically represented in Figure 1 . 



TABLE III 



Wt% Zn in 0.3 Wt% Pt/Zn-Al^a 


Toluene Yield MOLE % 


Methane Yield MOLE % 


0.00 o 


18 


1.1 


0.08 


22 


0.75 


0.17 


23 


0.63 


0.30 


30 


0.56 


0.62 


29 


0.61 


Performance comparison at 1 00 hours time on oil for n-heptane reforming. T=500°C, P=75 psig, H2/oil=3, WHSV=2. 



(•) Commercial 0.3 wt% PVAI2O3 catalyst 



75 



The results in Table III and Figure 1 show that the addition of Zn decreased hydrogenolysis and improved the 
dehydrocyclization activity on n-heptane, reflected in low light gases and high toluene yields. Moreover, the toluene yield 
20 remained practically constant from the present invention catalyst, while it continued to decline from Pt/Al 2 0 3 , during the 
period from 50 hrs to 1 80 hrs after the start of the run. 

EXAMPLE 6: 

25 A commercially available 0.3 Wt% PVAI2O3 catalyst was impregnated with varying levels of zinc to show the impor- 
tance of incorporating zinc first or simultaneously with the noble metal. The zinc was incorporated onto the commercial 
catalyst as described in Example 1. The results for an n-heptane reforming reaction are tabulated in Table IV. The run 
conditions were as specified for Example 5. 

TABLE IV 



Wt% Zn added to Pt/AljOa 


Toluene Yield MOLE % 


Methane Yield MOLE % 


0.00 


19 


1.2 


0.08 


20 


1.4 


0.30 


22 


1.3 


0.60 


17 


1.6 


100 h time on oil for n-heptane reforming, T=500°C, P=75 psig. Hyoil=3 t WHSV=2. 



40 

Comparison of Tables Ml and IV show the different results obtained when platinum is first added to the alumina 
support followed by zinc. Toluene yield is significantly increased and methane yield decreased when employing the 
present invention catalysts. 

45 Table V Shows the H/Pt uptakes when Zn is added to a 0.3 wt% PVAI2O3 catalyst demonstrating that Zn addition 
following platinum addition does not provide enhanced platinum dispersion (See Table 1). 

TABLE V 





Zn loading (wt%) 


H/Pt 


so 


0.0 


0.61 




0.08 


0.63 




0.30 


0.61 


55 


0.61 


0.56 
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1 . A catalyst composition comprising a halogen and catalytically active amounts of non-alloyed noble metal and zinc 
on an alumina support wherein said noble metal is selected from the group consisting of Pt, Pd, Ir, Os, Re, Rh, Ru, 
and mixtures thereof and in the absence of cobalt and nickel. 

2. A catalyst composition according to claim 1 wherein the amount of said noble metal is in the range of from about 
0.1 to about 1 wt%. 

3. A catalyst composition according to claim 1 or claim 2 wherein said noble metal is platinum. 

4. A catalyst composition according to any one of claims 1 to 3 wherein the amount of said zinc is in a range of from 
about 0.01 to about 1 wt%, preferably about 0.3 wt%. 

5. A catalyst composition according to any one of claims 1 to 4 wherein said zinc is present in the +2 valence state. 

6. A catalyst composition according to any one of claims 1 to 5 wherein said halogen is present in an amount in a 
range of from about 0.5 to about 1 .2 wt%. 

7. A catalyst composition according to any one of claims 1 to 6 wherein said alumina support is selected from the 
group consisting of gamma and eta alumina. 

8. A catalytic naphtha reforming process with enhanced C 5 + selectivity, under reforming conditions which includes 
dehydrocyclization of at least a portion of a naphtha feedstream comprising: contacting said naphtha feedstream 
with a catalyst composition comprising a halogen and catalytically active amounts of non-alloyed noble metal and 
zinc on an alumina support wherein said noble metal is selected from the group consisting of Pt, Pd, Ir, Os, Re, Rh, 
Ru, and mixtures thereof and in the absence of cobalt and nickel. 

9. A process according to claim 8 wherein said feedstream is a C 5 + feedstream, preferably a C 5 to C 232°C feedstream. 

10. A method of preparing a reforming catalyst on an alumina support comprising the steps of: 

(a) Halogenating the alumina support; 

(b) Impregnating a noble metal selected from the group consisting of Pt, Pd, Re, Rh, Ru, Ir, Os, and mixtures 
thereof onto the alumina support; 

(c) Impregnating zinc onto the alumina support prior to or during the impregnation of said noble metal; 

(d) Activating the reforming catalyst prior to and subsequent to said impregnation of said noble metal when said 
zinc is impregnated prior to said noble metal, or activating the reforming catalyst subsequent to the addition of 
both said zinc and said noble metal when said zinc is impregnated during said impregnation of said noble metal. 

1 1 . A method of preparing a reforming catalyst on an alumina support according to claim 1 0 further comprising washing 
said reforming catalyst in an ammonia solution and rehalogenating said catalyst. 
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